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INTRODUCTION 

There  is  abundant  evidence  that  increased  expression  of  growth  factors  and  increased 
activity  growth  factor  receptors,  particularly  those  of  the  fibroblast  growth  factor  (FGF) 
family,  play  an  important  role  in  human  prostate  cancer.  Recently,  a  new  family  of 
regulators  of  FGF  receptor  activity  has  been  identified.  The  sprouty  gene  was  originally 
identified  as  a  negative  regulator  of  FGF  and  EGF  receptor  signaling  in  Drosophila  and  it 
has  been  proposed  that  it  may  carry  out  these  two  functions  by  interfering  with  the  RAS 
signaling  pathway.  Four  human  homologues  have  been  identified,  but  their  role  in  the 
human  prostate  and  prostate  cancer  is  not  well  understood.  Based  on  analysis  of  the 
Cancer  Genome  Anatomy  and  Unigene  databases,  sprouty- 1  is  the  major  human  sprouty 
homologue  expressed  in  human  prostate  and  it  is  down-regulated  in  human  prostate 
cancers.  Loss  of  this  negative  regulation  may  lead  to  unrestrained  signal  transduction  by 
FGF  and  EGF  family  members,  which  could  result  in  increased  proliferation  and  may 
enhance  tumor  aggressiveness  and  be  correlated  with  clinical,  pathological  and  biological 
parameters  in  human  prostate  cancer. 

BODY 

As  outlined  in  our  Statement  of  Work,  we  have  sought  to  accomplish  1 3  tasks  in  our 
three  years  of  funding.  We  have  accomplished  or  made  substantial  progress  on  all  of 
these  tasks  that  were  scientifically  feasible.  A  manuscript  describing  the  role  of  sprouty- 1 
in  prostate  cancer  has  been  recently  published  in  Cancer  Research.  A  copy  of  this 
manuscript  is  attached  and  will  be  referred  to  below. 

Task  /:  CloneJuU  length  human  sprouty- 1  cDNA 

We  have  cloned  a  full-length  sprouty- 1  cDNA  and  this  has  been  sub-cloned  into  the 
pCEP4  expression  vector  as  well  as  pAVS6  for  production  of  adenovirus. 

Task  2:  Construct  adenovirus  expressing  sprouty- 1  gene 

We  have  generated  a  recombinant  sprouty- 1  adenovirus  and  carried  out  large  scale 
preparations  of  this  virus.  We  have  confirmed  that  this  adenovirus  expresses  sprouty- 1 
protein  by  Western  blotting  with  anti-sprouty-1  antibody  using  extracts  of  LNCaP  cells 
infected  with  either  sprouty- 1  adenovirus  or  control  green-fluorescent  protein  (GFP) 
adenovirus. 

Task  3:  Develop  prostate  cancer  cell  lines  with  high  sprouty- 1  expression 

As  described  above  we  have  we  have  cloned  the  full  length  sprouty- 1  cDNA  into  the 
pCEP4  expression  vector.  We  have  performed  stable  transfection  of  the  LNCaP  cell  line, 
isolated  stable  transfectants  and  evaluated  for  sprouty- 1  expression  by  quantitative  RT- 
PCR.  Analysis  of  the  growth  rate  of  these  cell  lines  reveals  that  there  is  inhibition  of 
growth  relative  to  parental  LNCaP  cells.  It  should  be  noted  that  it  was  difficult  to 
establish  cell  lines  expressing  sprouty- 1  due  to  low  numbers  of  colonies  following 
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transfection.  We  have  evaluated  the  isolated  clones  for  sprouty-1  expression  by 
quantitative  RT-PCR  and  they  have  very  low  expression  of  sprouty-1  mRNA,  consistent 
with  a  strong  selection  against  sprouty-1  expression  in  cancer  cells.  Thus  even  low  levels 
of  sprouty-1  expression  can  inhibit  growth  of  prostate  cancer  cells.  Other  cancer  cell 
lines,  such  as  PC3,  also  show  this  very  strong  negative  selection. 

Task  4:  Clone  sprouty-1  genomic  locus ,  identify  intron-exon  structure  and  identify 

promoter 

We  have  cloned  the  sprouty-1  gene  as  a  single  BAC  clone.  We  have  also  determined  the 
sequence  of  promoter  region  from  database.  We  have  verified  its  activity  as  promoter  by 
construction  of  plasmid  with  850  bp  of  the  putative  promoter  driving  a  Luciferase 
reporter  gene  which  was  then  transiently  transfected  into  NIH3T3  cells.  This  construct 
expresses  Luciferase  robustly  in  NIH3T3  cells  and  transcription  is  upregulated  by 
exogenous  FGF2. 

Task  5:  Raise  and  characterize  rabbit  polyclonal  anti-sprouty- 1  antisera 

We  have  recently  obtained  a  commercially  available  anti-sprouty- 1  antibody  and  have 
developed  conditions  for  using  this  antibody  for  immunohistochemical  analysis  of 
paraffin  embedded  prostate  cancer  tissues.  We  have  also  evaluated  antisera  from  four 
rabbits  with  two  different  sprouty-1  peptides.  The  commercially  available  antiserum  was 
superior  to  our  antibodies  and  so  we  have  carried  out  immunohistochemical  studies  with 
this  commercial  antiserum  (see  below). 

Task  6.  Immunohistochemistry  of  human  prostate  cancer  tissue  specimens 
We  have  used  the  antiserum  described  above  to  analyze  the  expression  of  sprouty-1 
protein  in  5 1 1  clinically  localized  prostate  cancers  using  tissue  microarrays.  These  studies 
reveal  that  there  is  loss  decreased  sprouty-1  expression  in  approximately  40%  of 
clinically  localized  prostate  cancers  in  comparison  to  benign  tissue  from  the  same  patient. 

Task  7:  Evaluation  of_ effect  of  sproutv-1  expression  in  normal  QHd.  immortalized  prostate 

epithelial  cells 

Biological  experiments  reveal  that  this  sprouty-1  adenovirus  markedly  inhibits  colony 
formation  and  net  proliferation  in  LNCaP  and  DU  145  cells.  The  results  of  stable 
transfection  studies  (as  described  above  and  in  the  attached  manuscript,  Figure  5)  also 
reveal  a  markedly  deleterious  effect  of  sprouty-1  expression  on  prostate  cancer  cell 
viability.  These  results  have  been  confirmed  by  transient  transfection  using  a  sprouty-1 
expression  construct  (Figure  6,  attached  manuscript) 

Task  8:  Determine  role  of  sproutv-1  in  tumongenesis 

In  order  to  proceed  to  our  in  vivo  studies  we  will  need  to  develop  prostate  cancer  cell 
lines  with  inducible  expression  of  sprouty-1  so  we  can  see  the  effect  in  vivo  of  more 
moderate  increases  in  sprouty-1  expression  on  tumori genesis  since  higher  level 
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expression  leads  to  complete  loss  of  viability.  The  stable  sprouty-1  expressing  prostate 
cancer  cell  lines  we  established,  while  showing  inhibition  of  growth,  have  low  sprouty-1 
expression  (presumably  due  to  selection  against  higher  expressing  clones)  and  are  not 
really  suitable  for  our  planned  in  vivo  studies.  We  have  made  extensive  efforts  to 
establish  cell  lines  with  inducible  expression  of  sprouty-1.  However,  we  have  not  been 
able  to  succeed  in  this  endeavor.  We  believe  that  this  is  due  to  the  profound  negative 
effects  of  sprouty-1  on  cell  proliferation.  We  have  found  that  even  modest  expression  of 
sprouty-1  by  transient  transfection  has  profound  effects  on  proliferation  (Fig  6,  attached 
manuscript).  Thus,  even  slight  leakiness  of  the  inducible  has  very  profound  negative 
effects  on  cell  viability. 

Task  9j  Analysis  of  human  prostate  cancers  for  mutation  of  sproutv-1  gene 

We  have  identified  the  intron-exon  boundaries  and  developed  PCR  primers  for  mutation 
analysis  by  analysis  of  human  genome  project  database.  Fortunately,  the  sprouty-1  gene 
consists  of  only  two  exons,  facilitating  mutation  analysis.  We  have  analyzed  30  human 
prostate  cancer  DNAs  and  have  found  no  evidence  of  somatic  mutation,  consistent  with 
our  initial  hypothesis  that  alteration  of  mRNA  expression  is  the  primary  mode  by  which 
sprouty-1  activity  is  decreased  in  prostate  cancer.  We  did  find  one  germline 
polymorphism/mutation  but  the  biological  significance  of  this  missense  mutation  is 
unclear  (see  attached  manuscript  for  details). 

Task  10:  Analyze,  human  prostate  cancer  DNAs  for  homozygous  deletion  of  sprouty-1 

gene 

We  are  currently  analyzing  a  set  of  30  human  prostate  cancer  DNAs  for  homozygous 
deletion  using  quantitative  RT-PCR.  This  methodology  is  more  quantitative  then 
Southern  blot  and  we  will  take  advantage  of  the  availability  of  this  methodology  in  our 
laboratory.  We  have  matched  RNAs  from  so  we  can  confirm  the  presence  of  homozygous 
deletion  by  using  quantitative  RT-PCR  to  access  sprouty-1  mRNA. 

Task  11:  Perform  methvlation  analysis  of  sprouty-1  promoter  in  human  prostate  cancers 

This  task  is  currently  underway.  Preliminary  studies  in  prostate  cancer  cell  lines  are 
consistent  with  the  hypothesis  that  promoter  methylation  can  control  sprouty-1 
expression.  We  are  using  a  PCR-based  methodology  to  evaluate  promoter  methylation 
and  will  correlate  he  results  of  these  studies  with  sprouty-1  mRNA  expression  by 
quantitative  RT-PCR 

Task  JZ  Amplify  and_  expand  on  studies  of  tumorigenesis  in  orthotopic  model. 

As  described  above  (Task  8),  due  to  the  profound  inhibitory  effects  of  sprouty-1  on  cell 
growth  we  have  been  unable  to  carry  out  the  orthotopic  injection  studies. 
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Task  13.  Amplify  and  expand  on  immunohistochemistrv  studies. 

We  are  currently  carrying  out  studies  of  sprouty-1  expression  using  additional  tissue 
microarrays  available  through  the  Baylor  prostate  cancer  SPORE.  These  studies,  in 
conjunction  with  the  already  completed  studies  of  clinically  localized  cancer  should 
allow  a  comprehensive  analysis  of  the  role  of  sprouty-1  in  prostate  cancer. 

KEY  RESEARCH  ACCOMPLISHMENTS 

*  Cloned  full-length  sprouty-1  cDNA  and  subcloned  into  mammalian  expression  vector 

*  Created  replication  deficient  adenovirus  expressing  sprouty-1  and  demonstrated  that  it 
markedly  inhibits  proliferation  and  colony  formation  by  prostate  cancer  cells 

*  Established  stably  transfected  LNCaP  cell  lines  that  express  sprouty-1  and  shown  that 
these  cell  lines  have  decreased  proliferation  relative  to  controls,  even  though  they  have 
relatively  low  expression  of  sprouty-1. 

*  Cloned  sprouty-1  genomic  locus  and  established  intron-exon  structure  of  sprouty-1 
gene 

*  Performed  mutation  analysis  of  the  sprouty-1  gene  in  30  human  prostate  cancers. 

*  Cloned  an  850  bp  promoter  fragment  of  the  sprouty-1  gene  and  demonstrated  that  it 
will  act  as  an  FGF  regulated  promoter  in  NIH3T3  cells. 

*  Established  that  prostate  cancer  cell  lines  do  not  have  appropriate  induction  of  sprouty- 
1  after  FGF  stimulation. 

*  Performed  immunohistochemical  analysis  of  5 1 1  prostate  cancer  tissues  using  tissue 
microarrays 

REPORTABLE  OUTCOMES 

*  Manuscript  published  in  Cancer  Research  (64:4728-4735) 

CONCLUSION 

A  considerable  body  of  evidence  indicates  that  alterations  of  fibroblast  growth  factors 
(FGF)  and  their  receptors  contribute  to  prostate  cancer  progression.  Recently  a  new 
family  of  regulators  of  FGF  activity  has  been  identified.  The  Sprouty  gene  family 
negatively  regulates  FGF  signaling  in  a  variety  of  systems  and  could  potentially  limit  the 
biological  activity  of  FGFs  in  prostate  cancer.  Immunohistochemical  analysis  of  normal 
and  neoplastic  prostate  tissues  using  tissue  microarrays  revealed  that  Sprouty  1  protein  is 
down-regulated  in  approximately  40%  of  prostate  cancers  when  compared  with  matched 
normal  prostate.  By  quantitative  real-time  PCR  analysis  we  found  that  Sproutyl  mRNA 
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levels  were  significantly  decreased  in  prostate  cancers  in  vivo  in  comparison  to  normal 
prostate.  In  prostate  cancer  cell  lines  there  is  loss  of  the  normal  up-regulation  of  Sproutyl 
mRNA  and  protein  in  response  to  FGFs.  The  decrease  in  Sproutyl  expression  in  the 
human  prostate  cancer,  despite  elevated  levels  of  FGF  ligands  and  FGF  receptors,  implies 
a  loss  of  an  important  growth  regulatory  mechanism  in  prostate  cancers  that  may 
potentiate  the  effects  of  increased  FGF  and  FGFR  expression  in  prostate  cancer. 

We  plan  to  complete  the  work  currently  underway,  in  particular 

1)  evaluation  of  prostate  cancer  DNAs  for  methylation  and  homozygous  deletion  of  the 
sprouty-1  gene  to  determine  if  some  prostate  cancers  may  lose  sprouty-1  expression 
through  these  mechanisms 

2)  perform  a  comprehensive  evaluation  of  the  expression  of  sprouty-1  in  human  prostate 
cancer  by  immunohistochemistry  of  multiple  tissue  microarrays 

These  studies  should  ultimately  result  in  two  additional  manuscripts.  The  first  will  detail 
our  studies  of  the  biological  basis  for  down-regulation  of  sprouty-1  mRNA  in  a  subgroup 
of  human  prostate  cancers.  The  second  will  be  a  more  clinically  oriented  manuscript  that 
will  describe  the  clinical  and  pathological  correlations  with  sprouty-1  expression  in 
prostate  cancer.  These  studies,  along  with  our  published  studies  will  provide  a 
comprehensive  picture  of  the  role  of  sprouty-1  in  human  prostate  cancer. 
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The  Expression  of  Sproutyl,  an  Inhibitor  of  Fibroblast  Growth  Factor  Signal 
Transduction,  Is  Decreased  in  Human  Prostate  Cancer 
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Michael  Ittmann1'2 

'Department  of  Pathology.  Baylor  College  of  Medicine,  and  2 Houston  Department  of  Veterans  Affairs  Medical  Center,  Houston.  Texas 


ABSTRACT 

A  considerable  body  of  evidence  indicates  that  alterations  of  fibroblast 
growth  factors  (FGFs)  and  their  receptors  contribute  to  prostate  cancer 
progression.  Recently,  a  new  family  of  regulators  of  FGF  activity  has  been 
identified.  The  Sprouty  gene  family  negatively  regulates  FGF  signaling  in 
a  variety  of  systems  and  could  potentially  limit  the  biological  activity  of 
FGFs  in  prostate  cancer.  Immunohistochemical  analysis  of  normal  and 
neoplastic  prostate  tissues  using  tissue  microarrays  revealed  that 
Sproutyl  protein  is  down-regulated  in  approximately  40%  of  prostate 
cancers  when  compared  with  matched  normal  prostate.  By  quantitative 
real-time  PCR  analysis,  we  found  that  Sproutyl  mRNA  levels  were  sig¬ 
nificantly  decreased  in  prostate  cancers  in  vivo  in  comparison  with  normal 
prostate.  In  prostate  cancer  cell  lines,  there  is  loss  of  the  normal  up- 
regulation  of  Sproutyl  mRNA  and  protein  in  response  to  FGFs.  The 
decrease  in  Sproutyl  expression  in  the  human  prostate  cancer,  despite 
elevated  levels  of  FGF  ligands  and  FGF  receptors,  implies  a  loss  of  an 
important  growth  regulatory  mechanism  in  prostate  cancers  that  may 
potentiate  the  effects  of  increased  FGF  and  FGF  receptor  expression  in 
prostate  cancer. 

INTRODUCTION 

Prostate  cancer  is  the  most  common  visceral  cancer  in  men  and  the 
second  leading  cause  of  cancer-related  death.  The  lack  of  effective 
therapies  for  advanced  prostate  cancer  reflects,  in  part,  the  lack  of 
knowledge  about  the  molecular  mechanism  involved  in  the  develop¬ 
ment  and  progression  of  this  disease  (1).  Normal  prostate  growth  is 
controlled  by  a  variety  of  polypeptide  growth  factors,  including  mem¬ 
bers  of  the  fibroblast  growth  factor  (FGF)  gene  family  (2,  3).  A 
considerable  body  of  evidence  indicates  that  alterations  of  these 
growth  factors  and  their  receptors  contribute  to  prostate  cancer  pro¬ 
gression.  Yan  el  al.  (4)  have  shown  in  the  Dunning  rat  model  system 
that  as  these  transplantable  tumors  progress  from  a  mixed  stromal- 
epithelial  phenotype  to  a  stromal- independent  phenotype,  there  are 
changes  in  the  isoforms  of  FGF  receptors  (FGFRs)  expressed,  con¬ 
sistent  with  autocrine  stimulation  of  growth.  In  humans,  multiple 
FGFs  are  increased  in  prostate  cancer.  For  example,  FGF2  is  signif¬ 
icantly  increased  in  prostate  cancers  when  compared  with  uninvolved 
prostate  (5).  Expression  of  FGF6  by  prostate  cancer  cells  has  been 
identified  in  40%  of  human  prostate  cancers  in  vivo  (6),  and  the 
majority  of  prostate  cancers  overexpress  FGF8  (7-9).  In  addition, 
increased  expression  of  FGFR-1  is  present  in  poorly  differentiated 
human  prostate  cancers  in  vivo  (5,  10).  Autocrine  expression  of  FGFs 
and  expression  of  FGFRs  has  been  reported  in  all  of  the  commonly 
used  prostate  cancer  cell  lines  i.e.,  PC-3,  DU  145,  and  LNCaP  (11,  12), 
and  these  cell  lines  express  appropriate  receptors  to  respond  individ¬ 
ually  to  these  FGFs  (13-15). 
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Recently,  a  new  family  of  regulators  of  FGF  activity  has  been 
identified.  Sprouty  was  originally  identified  as  an  antagonist  of 
Breathless  FGFR  signaling  during  tracheal  development  in  Drosoph¬ 
ila  (16).  Subsequent  studies  have  shown  that  Sprouty  inhibits  signal¬ 
ing  mediated  by  the  FGFR  and  the  epidermal  growlh  factor  receptor 
during  eye  development  and  oogenesis  in  Drosophila  (17-19).  During 
Drosophila  eye  development,  Sprouty  seems  to  inhibit  the  activation 
of  mitogen-activated  protein  kinase  upstream  of  Ras  function, 
whereas  during  wing  development,  it  is  reported  to  inhibit  mitogen- 
activated  protein  kinase  downstream  of  Ras  function. 

Four  mammalian  genes  have  been  identified  with  sequence  simi¬ 
larity  to  Drosophila  sprouty  (20).  The  mammalian  Sprouty  family 
members  are  expressed  in  highly  restricted  patterns  in  the  embryo  in 
early  development,  and  their  expression  shows  a  close  correlation 
with  known  sites  of  FGF  signaling  (21-23),  which  suggests  that  they 
may  also  function  as  negative  regulators  in  FGF  signaling  during 
vertebrate  embryonic  development.  All  Sprouty  proteins  share  a 
unique,  highly  conserved  cysteine-rich  domain  at  the  COOH  termi¬ 
nus,  believed  to  be  critical  for  targeting  them  to  phosphatidylinositol 
(4,5-bisphosphate)  in  the  plasma  membrane,  thus  allowing  their  in¬ 
hibitory  role  on  the  mitogen-activated  protein  kinase  pathway  (24, 
25).  The  NH2-terminal  portion  of  the  Sprouty  proteins  is  less  con¬ 
served  because  it  exhibits  only  25-37%  identity  among  the  different 
mouse  family  members.  These  sequence  differences  could  be  respon¬ 
sible  for  the  functional  divergence  among  the  Sprouty  proteins.  In 
vitro  studies  have  demonstrated  that  after  growth  factor  stimulation, 
Sproutyl  and  Sprouty2  translocate  to  the  plasma  membrane,  become 
tyrosine-phosphorylated,  and  interact  with  components  of  the  Ras / 
mitogen-activated  protein  kinase  and  Ras/Raf/Erk  pathways,  such  as 
Grb2  (26,  27)  and  c-Cbl  (28),  but  the  precise  molecular  mechanism  by 
which  the  signal  is  blocked  remains  unknown.  Tyrosine  phosphoryl¬ 
ation  appears  to  be  necessary  for  the  ability  of  Sprouty  to  inhibit 
receptor  tyrosine  kinase-dependent  Ras/Erk  signaling  while  c-Cbl 
regulates  the  stability  and  hence  the  activity  of  Sprouty  protein  (27). 
It  is  likely  that  Sprouty  proteins  can  also  act  at  additional  stages  of 
receptor  tyrosine  kinases  signaling,  because  Sprouty2  has  been  shown 
to  inhibit  FGF-mediated  extracellular-signal-regulated  kinase  acti¬ 
vated  at  the  level  of  Raf  (29),  whereas  Sprouty4  inhibits  vascular 
endothelial  growth  factor  receptor  signaling  upstream  of  Ras  (30).  In 
contrast,  epidermal  growth  factor  receptor  signaling  is  not  reduced 
following  expression  of  Sprouty 2  or  Sprouty4  (31).  It  is  thus  conceiv¬ 
able  that  Sprouty  proteins  control  receptor  tyrosine  kinase  activation 
at  different  stages,  with  some  additional  regulatory  mechanisms  still 
unknown. 

A  search  of  the  Unigene  database3  and  the  Cancer  Genome  Anat¬ 
omy  Project  database4  indicates  that  Sprouty  cDNAs  are  present  in 
cDNA  libraries  from  many  human  tissues  including  the  prostate,  with 
Sproutyl  being  the  most  abundant  human  Sprouty  homologue  ex¬ 
pressed  in  human  prostate.  However,  the  role  of  Sproutyl  in  human 
prostate  cancer  is  not  known,  and  little  is  known  about  alterations  of 
regulatory  molecules  that  may  down-regulate  growth  factor  signals  in 
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prostate  cancer  cells.  An  important  consideration  is  that  if  Sprouty 
proteins  can  be  up-regulated  in  prostate  cancer  by  FGF  stimulation, 
this  would  tend  to  inhibit  any  effects  of  FGFR  activation  in  the 
neoplastic  ceils  and  negate  the  effects  of  the  increased  FGF  expression 
in  cancer  tissues.  To  address  this  issue,  we  have  investigated  the 
expression  of  Sprouty  1  in  normal  and  neoplastic  prostate  tissues.  We 
have  found  that  Sprouty  1  protein  is  decreased  in  prostate  cancer  cells 
when  compared  with  matched  normal  epithelium  in  approximately 
40%  of  prostate  cancers  and  that  there  is  a  similar  decrease  in 
Sprouty  1  mRNA  by  quantitative  reverse  transcription-PCR.  We  have 
also  found  that  in  prostate  cancer  cells,  there  is  loss  of  the  normal 
up-regulation  of  Sprouty  1  mRNA  in  response  to  FGFs.  The  marked 
decrease  in  Sprouty  l  expression  in  the  human  prostate  cancer  implies 
a  loss  of  an  important  growth  regulatory  mechanism  in  prostate 
cancers  that  may  potentiate  the  effects  of  increased  FGF  and  FGFR 
expression  in  prostate  cancer. 

MATERIALS  AND  METHODS 

Plasmid  Construction.  Plasmid  pcDNA3.1  (lnvitrogen,  Carlsbad,  CA) 
was  used  for  the  expression  of  full-length  Sprouty  1  cDNA.  For  the  construc¬ 
tion  of  pcDNA-Sproutyl,  the  coding  sequence  of  Sprouty  1  was  amplified  from 
pCMV-Sport6  plasmid  containing  the  full-length  Sprouty  1  cDNA  (ATCC 
3461395)  in  a  PCR  reaction  using  primers  designed  against  the  published 
Sprouty  1  sequence  as  follows:  forward  primer,  5 *  - AAGCTT AGACAT G- 
GATC-CCCAAAATC-3 and  reverse  primer,  5 '  -GAA  7TCTG ATGGTTTAC- 
CCTGACCCC-3'  (The  underlined  sequence  indicates  Hind  111  and  EcoRl  sites 
in  the  forward  and  reverse  primers,  respectively;  the  bold  and  underlined 
sequence  shows  the  start  and  stop  sites  in  the  forward  and  reverse  primers, 
respectively;  the  italicized  and  underlined  G  indicates  an  engineered  G  at 
position  -3  to  ensure  proper  initiation  of  translation).  The  PCR  product  was 
digested  with  £coRl  and  H indLll  and  sub-cloned  into  pcDNA3.1. 

Mutation  Analysis  of  the  Sproutyl  Coding  Region.  Total  genomic  DNA 
was  extracted  from  26  prostate  tissue  samples  [including  23  radical  prostate¬ 
ctomies  (all  70%  or  more  cancer),  1  metastasis,  and  2  benign  tissues  from 
radical  prostatectomies]  as  described  previously  (32).  The  DNAs  were  used  in 
standard  PCR  reaction  conditions  with  three  sets  of  primers  to  amplify  the 
entire  Sproutyl  coding  region.  Set  1  primers  (SF1):  forward,  5'-ACGAGCA- 
CAGAC AC ACAAG-3 ' ,  and  reverse,  5 '  -C AACCC ACCTCC AAAAAT CA-3 ' ; 
set  2  primers  (SF2):  forward,  5’-CCTTCTTTGGATAGCCGTCA-3’,  and  re¬ 
verse,  5  '-CCCTTCAAGTCATCCACAATC-3 ';  set  3  primers  (SF3):  forward, 
5'-AGGACCCCAGCATCATTGTA-3\  and  reverse,  5 ' -GTGGCTTGTGT - 
GTCTGTGCT-3'.  The  nucleotide  positions  for  the  amplification  products  as 
given  by  the  GenBank  accession  no.  (XM_036349)  are  137-628,  394-843, 
and  605-1317.  The  PCR  products  were  purified  and  sequenced  using  the 
respective  set  of  primers  for  each  product. 

Preparation,  Quantification,  and  Dilution  of  DNA  Standards.  The 
Sproutyl  plasmid,  keratin- 18  plasmid  (ATCC  MGC-9348),  and  0-actin  plas¬ 
mid  (ATCC  MGC- 10559)  were  prepared  using  the  Qiagen  Maxi-prep  Kit 
(Qiagen,  Valencia,  CA).  The  FGF2  and  FGF7  plasmids  have  been  described 
previously  (33).  Quantification  of  plasmid  was  performed  spectrophotometri- 
cally.  The  measurements  of  the  plasmid  concentration  were  done  in  duplicate 
and  then  converted  to  copy  number.  A  dilution  series  of  each  plasmid  ( 10M0‘ 
copies)  was  used  as  a  DNA  standard  for  real-time  PCR. 

Primer  Design  and  Synthesis  for  Real-Time  PCR.  Oligonucleotide  prim¬ 
ers  for  Sproutyl  were  forward,  5'-TGTCCGAAAAGGATTTCAGATGC-3', 
and  reverse,  5'-ACTGCCACTGCCA  TGTTGAT-3';  for  0-act in  were  for¬ 
ward,  5  -AGCACGGCATCGTCA  CCAACT-3',  and  reverse  5'-TGGCT- 
GGGGTGTTGAAGGTCT-3 ' ;  for  keratin  18  were  forward,  5  -AGGGCTCA- 
GATCT-TCGC AAAT-3 ',  and  reverse,  5  '-GTCATCAATGACCTTGCGGAG- 
3';  for  FGF2  were  forward,  5 ' -CC ACTTC AAGG ACCCC AAG-3 ' ,  and  reverse, 
5 '  -  AT  AGCC  AGGTAACGGTTAGC-3  ’ ;  and  for  FGF7  were  forward,  5-CCT- 
TCTGCCTGTTG  ATTTATGG-3 ' ,  and  reverse,  5  '-GTTGCTGTG  ACGCT- 
GTTTG-3'.  Primers  were  carefully  designed  to  cross  exon/intron  regions  and  to 
avoid  the  formation  of  primer-dimers,  hairpins,  and  self  complementarity.  The 
nucleotide  positions  for  the  amplification  products  as  given  per  the  GenBank 
accession  nos.  are  275-373,  458-622,  256-435,  539-721,  and  26-209  for 


Sproutyl  (XM_036349),  Keratin  18  (BC020982),  0-actin  (BC004251),  FGF2 
(NM_0020006),  and  FGF7  (S81661),  respectively. 

cDNA  Synthesis  and  Quantitative  Real-Time  PCR.  Total  RNA  extracted 
from  cells  and  tissues  using  TRlzoL  Reagent  (lnvitrogen)  was  used  in  first- 
strand  DNA  (cDNA)  synthesis  using  lnvitrogen  Superscript  first-strand  syn¬ 
thesis  system  for  reverse  transcription-PCR  and  according  to  the  manufactur¬ 
er’s  protocol.  Real-time  PCR  was  carried  out  in  a  Bio-Rad  iCycler  real-time 
thermal  cycler  (Hercules,  CA)  as  described  previously  (34)  and  incorporating 
the  following  optimized  PCR  reaction  conditions.  The  amplification  of 
Sproutyl  was  carried  out  as  follows:  a  3  min  hot  start  at  95°C;  followed  by  40 
cycles  of  denaturation  at  95°C  for  15  s;  and  annealing  at  61°C  for  30  s.  The 
amplification  protocol  for  FGF2  was  the  same  as  for  Sproutyl  except  that 
annealing  was  done  at  63.5°C.  The  amplification  protocol  for  FGF7,  0-actin, 
and  keratin  18  was  carried  out  as  follows:  a  3  min  hot  start  at  95°C;  followed 
by  40  cycles  of  denaturation  at  95 °C  for  30  s;  annealing  at  56°C  for  20  s;  and 
a  72°C  extension  for  30  s.  Each  experiment  was  done  in  duplicate.  The 
threshold  cycle  (Ct)  values  in  log  linear  range  representing  the  detection 
threshold  values  were  used  for  quantitation  and  expressed  as  copy  numbers 
based  on  a  standard  curve  generated  using  plasmid  DNA. 

Northern  Blot  Analysis.  A  multiple  tissue  Northern  blot  (MTN  Blot  11) 
containing  polyadenylated  RNAs  isolated  from  human  adult  tissues  was  ob¬ 
tained  from  Clontech  (Palo  Aho,  CA).  Northern  hybridization  was  performed 
at  68°C  in  10  ml  of  PerfectHyb  Plus  hybridization  solution  (Sigma,  St.  Louis, 
MO).  The  blot  was  prehybridized  in  the  above  buffer  for  30  min.  Hybridization 
was  done  for  1  h  by  adding  50  ng  of  full-length  Sproutyl  or  0- act  in  cDNA 
fragment  that  were  radioactively  labeled  with  [a-32P]dCTP  using  a  RadPrime 
Labeling  Kit  (lnvitrogen)  and  included  at  a  concentration  of  1  X  109  cpm/ml. 
Blots  were  washed  according  to  the  manufacturer’s  protocol,  and  signals  were 
visualized  by  autoradiography. 

Tissue  Microarrays  and  Immunohistochemistry.  The  tissue  microairays 
used  to  study  Sproutyl  expression  in  clinically  localized  prostate  cancer  liave 
been  described  previously  (35).  In  brief,  three  0.6-mm  cores  of  cancer  and 
uninvolved  prostate  tissue  were  obtained  from  radical  prostatectomy  speci¬ 
mens  and  used  to  construct  tissue  microarrays.  Patients  received  no  adjuvant 
therapy  such  as  radiation  or  hormonal  therapy.  Other  patient  characteristics 
were  as  described  previously.  A  total  of  5 1 1  of  the  original  640  cancers  were 
evaluable,  with  some  cases  lost  due  to  depletion  of  tumor  or  technical  artifacts, 
and  of  these,  407  had  matched  evaluable  normal  tissue.  Immunohistochemistry 
was  performed  as  described  previously  (36).  Antigen  retrieval  was  perfoimed 
for  30  min  in  a  rice  cooker  in  10  mM  citrate  buffer  (pH  6.0).  Endogenous  biotin 
and  peroxidase  were  blocked  using  appropriate  kits  from  Vector  Laboratories 
(Burlingame,  CA)  according  to  the  manufacturer’s  protocol.  Rabbit  polyclonal 
anti-Sprouty  1  antibody  (Upstate  Biotechnology,  Lake  Placid,  NY)  was  incu¬ 
bated  with  each  tissue  array  section  at  5  ng/ml  at  4°C  overnight  followed  by  the 
avidin-biotin  peroxidase  complex  procedure  (Vector  Laboratories)  and  coun- 
terstaining  with  hematoxylin  as  described  previously.  Slides  were  then  scanned 
using  a  Bliss  automated  slide  scanner  system  to  produce  high-resolution  digital 
images.  Staining  was  evaluated  in  the  normal  and  prostate  cancer  epithelial 
cells  as  described  previously.  Staining  intensity  was  graded  as  absent  (0),  weak 
(1+),  intermediate  (24-),  or  strong  (34-).  The  extent  of  staining  was  estimated 
and  scored  as  follows:  no  staining  (0);  1-33%  of  cell  stained  (1  +  );  34-66% 
of  cell  stained  (2+);  or  67-100%  of  cells  stained  (3  +  ).  The  staining  index  for 
each  case  was  then  calculated  by  multiplying  the  average  intensity  score  for  the 
three  cores  by  the  average  percentage  score  for  the  three  cores,  yielding  a 
10-point  tumor  staining  index  ranging  from  0  (no  staining)  to  9  (extensive, 
strong  staining)  for  each  case. 

Western  Blotting.  Total  protein  was  extracted  from  cells  using  protein 
lysis  buffer  as  described  previously.  For  Western  blots,  30  mg  of  protein 
extract/lane  were  electrophoresed,  transferred  to  nitrocellulose  membrane  (Hy- 
bond  ECL;  Amersham  Biosciences,  Piscataway,  NJ),  and  incubated  overnight 
with  a  1:100  dilution  of  anti-Sprouty  1  goat  polyclonal  antibody  (Santa  Cruz 
Biotechnology,  Santa  Cruz,  CA)  or  a  1:5000  dilution  of  anti-0-actin  mouse 
monoclonal  antibody  (Sigma).  Membranes  were  washed  and  treated  with 
bovine  antigoat  IgG  (1:5000;  Santa  Cruz  Biotechnology)  or  rat  antimouse  lgG 
secondary  antibody  conjugated  to  horseradish  peroxidase  (1:2000  dilution; 
Southern  Biotechnology  Associates,  Birmingham,  AL)  for  Sproutyl  and  0-ac- 
tin,  respectively.  The  antigen-antibody  reaction  was  visualized  using  an  en¬ 
hanced  chemiluminescence  (ECL)  assay  (Amersham  Biosciences)  and  ex- 
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posed  to  ECL  film  (Amersham  Biosciences).  Western  blot  signals  were 
quantified  using  NucleoVision  imaging  station  (Nucleotech,  San  Carlos,  CA). 

Cell  Culture.  The  human  prostate  cancer  cell  lines  PC3,  DU  145  and 
LNCaP  and  the  immortalized  normal  prostate  epithelial  cell  lines  PNTla  and 
PNT2  were  maintained  in  RPM1  1640  supplemented  with  10%  fetal  bovine 
serum  (Invitrogen).  Primary  epithelial  and  stromal  cultures  were  established 
from  normal  peripheral  zone  tissue  from  radical  prostatectomy  specimens  as 
described  previously  (33).  For  Western  blotting  studies,  prostate  cancer  cell 
lines  were  incubated  in  primary  epithelial  growth  medium  for  24  h  before 
collection. 

Cell  Transfection.  For  stable  transfections,  PC3  or  LNCaP  cells  were 
seeded  at  5  X  106  cells/ 100-mm  dish  and  transfected  with  10  /xg  of  Sprouty  1 
construct  (pcDNA-Sproutyl)  or  vector  only  (pcDNA3.1)  using  Lipo- 
fectAMlNE  2000  transfection  reagent  (Invitrogen)  according  to  the  manufac¬ 
turer’s  protocol.  Two  days  after  transfection,  cells  were  selected  in  medium 
containing  Geneticin  (Sigma)  at  a  final  concentration  of 400  and  200  /xg/ml  for 
LNCaP  and  PC3  cells,  respectively.  After  14  days  into  the  selection,  individual 
Geneticin-resistant  colonies  were  fixed  with  10%  formalin  and  stained  with 
crystal  violet,  and  the  colonies  visible  to  the  naked  eye  were  counted.  For 
transient  transfection,  LNCaP  cells  were  plated  at  5  X  104  cells/60-mm  dish 
and  transfected  with  2  /xg  of  Sprouty  1  plasmid  or  vector  only  using  Lipo- 
fectAMlNE  2000  transfection  reagent  (Invitrogen)  according  to  the  manufac¬ 
turer’s  protocol.  After  24, 48,  or  72  h,  cells  were  trypsinized  and  counted  using 
a  Coulter  counter.  A  second  transfected  plate  was  used  to  collect  protein 
extract  for  Western  blotting  at  the  same  time. 

Cell  Sorting  of  LNCaP  Cells  Transfected  with  GFP  Constructs.  LNCaP 
cells  were  plated  at  5  X  10A  cells/ 100-mm  dish  and  transfected  with  either  24 
/xg  of  pEGFP  (BD  Biosciences  Clontech)  alone  or  6  /xg  of  pEGFP  with  18  /xg 
of  the  Sprouty  1  plasmid  using  LipofectAMlNE  2000  transfection  reagent 
(Invitrogen).  After  24  h,  GFP-positive  cells  were  sorted  by  single  color-flow 
cytometry  using  Epics- Alpra  flow  cytometer  (Beckman  Coulter)  and  plated 
into  complete  growth  medium.  After  24, 48,  or  72  h,  cells  were  trypsinized  and 
counted  using  a  Coulter  counter. 

FGF2  Induction  Studies.  Primary  epithelial,  LNCaP,  and  PC3  cells  were 
placed  in  serum-free  medium  for  24  h.  Cells  were  refed  with  serum- free 
medium  with  1%  insulin,  transferrin,  and  selenium  (Sigma)  with  or  without  25 
ng/ml  recombinant  FGF-2  (R&D  Systems,  Minneapolis,  MN)  and  incubated  at 
37°C  for  different  time  points.  Cells  were  then  harvested  for  either  RNA  or 
protein  extraction.  RNA  extracted  was  used  in  real-time  quantitative  PCR,  and 
protein  extraction  was  used  in  Western  blot  analysis  as  described  above. 

RESULTS 

Expression  of  Sproutyl  in  Human  Prostate  Tissue  and  Cell 
Lines.  Initial  studies  were  carried  out  to  investigate  the  expression  of 
the  human  Sproutyl  homologue  in  adult  human  tissues.  A  multiple 
tissue  Northern  blot  was  hybridized  to  the  full-length  Sproutyl  cDNA. 
A  single  transcript  (of  approximately  3.5  kb)  was  present  in  all  of  the 
tissues  analyzed  (spleen,  thymus,  prostate,  testis,  ovary,  small  intes¬ 
tine,  and  colon)  except  peripheral  blood  leukocytes,  with  the  strongest 
expression  observed  in  the  prostate  and  the  testis.  To  evaluate 
Sproutyl  expression  in  vitro ,  total  RNA  samples  derived  from  normal 
prostatic  peripheral  zone  and  two  immortalized  but  nontumorigenic 
prostatic  epithelial  cell  lines  (PNTla  and  PNT2)  were  analyzed  for 
Sproutyl  expression  by  reverse  transcription-PCR  reaction.  Sproutyl 
was  easily  detectable  in  all  three  RNAs.  We  also  compared  the 
expression  of  Sproutyl  in  primary  cultures  of  prostatic  epithelial  and 
stromal  cells  using  quantitative  reverse  transcription-PCR.  Expression 
of  Sproutyl  was  8-fold  higher  in  the  epithelial  cells  in  comparison 
with  the  stromal  cells  (17.7  transcripts/ 1 03  0-actin  transcripts  for 
epithelial  cells  Versus  2.2  transcripts/ 103  0-actin  transcripts  for  stro¬ 
mal  cells).  Thus  Sproutyl  is  expressed  in  human  prostate  in  vivo  and 
in  prostate  epithelial  cells  and  to  a  lesser  extent,  in  stromal  cells  in 
vitro . 

Analysis  of  Sproutyl  Expression  by  Immunohistochemical 
Analysis  of  Tissue  Microarrays.  To  determine  whether  Sproutyl 
protein  is  decreased  in  clinically  localized  prostate  cancers,  we  ana¬ 


lyzed  a  total  of  407  prostate  cancers  and  matched  normal  peripheral 
zone  tissues  by  immunohistochemistry  of  prostate  cancer  and  prostate 
tissue  microarrays.  The  tissue  microarrays  used  were  obtained  from 
the  Baylor  prostate  cancer  SPORE  and  have  been  described  previ¬ 
ously  (35).  These  arrays  contain  0.6-mm  tissue  cores  from  cancers  in 
triplicate  as  well  as  non-neoplastic  peripheral  zone  tissue  cores  (also 
in  triplicate)  from  patients  undergoing  radical  prostatectomy.  In  nor¬ 
mal  prostate,  the  Sproutyl  protein  is  expressed  in  epithelial  and 
smooth  muscle  cells,  with  some  staining  of  stromal  fibroblasts  (Fig.  1, 
A  and  B).  Sproutyl  expression  in  normal  epithelium  was  variable.  The 
vast  majority  of  cases  showed  moderate  to  strong  staining  in  the 
normal  epithelium  as  shown  in  Fig.  I,  although  some  tissues  had  only 
minimal  staining.  Prostate  cancer  epithelium  also  had  quite  variable 
expression.  Some  prostate  cancer  had  minimal  expression  of  Sproutyl 
(Fig.  1,  C-E).  Other  cancers  had  moderate  to  strong  expression  of 
Sproutyl  protein  (Fig.  1 F).  To  quantitatively  compare  the  expression 
of  Sproutyl  in  normal  and  neoplastic  prostatic  epithelium,  we  quan¬ 
titated  the  expression  of  Sproutyl  based  on  methodology  described 
previously  (35).  In  brief,  stained  slides  were  digitized,  and  staining 
was  scored  both  for  extent  of  staining  (scale  of  0-3)  and  intensity  of 
staining  (scale  of  0-3).  A  staining  index  was  calculated  from  the 
average  extent  of  staining  score  for  the  three  cores  multiplied  by  the 
average  staining  intensity  score.  The  mean  staining  index  of  Sproutyl 
in  normal  epithelium  was  significantly  higher  than  in  the  cancer  cells 
(P  =  0.045,  Wilcoxon’s  signed  ranks  test).  Perhaps  more  meaning¬ 
fully,  given  the  variability  in  Sproutyl  expression,  we  also  compared 
the  staining  index  in  normal  and  cancer  cells  from  the  same  patient. 
Overall  39%  of  cancer  had  a  lower  staining  index  than  that  of  benign 
tissues  from  the  same  patient.  However,  it  should  be  noted  that  a 
significant  fraction  of  prostate  cancers  had  higher  expression  of 
Sproutyl  in  cancer  cells  than  in  normal  epithelium.  Therefore,  al¬ 
though  decreased  Sproutyl  expression  is  seen  in  a  substantial  fraction 
of  prostate  cancers,  loss  of  Sproutyl  expression  is  clearly  not  required 
in  all  prostate  cancers. 

Decreased  Sproutyl  mRNA  in  Human  Prostate  Cancer  Tissues. 
To  determine  whether  Sproutyl  protein  is  decreased  in  human  pros¬ 
tate  cancers  due  to  decreased  mRNA  and  to  confirm  our  observations 
on  immunohistochemistry  by  an  alternative  technique,  we  carried  out 
quantitative  real-time  PCR  analysis.  We  quantitatively  analyzed  the 
expression  level  of  Sproutyl  mRNA  in  a  total  of  29  prostate  tissue 
samples  including  nine  normal  peripheral  zone  tissues  and  20  clini¬ 
cally  localized  cancer  (consisting  of  at  least  70%  cancer)  by  real-time 
PCR.  We  used  0-actin  as  an  endogenous  mRNA  control.  The  real¬ 
time  data  are  presented  as  the  ratios  of  Sproutyl  mRNA  tran¬ 
scripts  X  lO3/0-actin  transcript  for  each  group  of  samples  analyzed 
(Fig.  2 A).  The  expression  of  Sproutyl  in  both  normal  prostate  and 
cancer  tissues  was  variable,  presumably  reflecting  both  random  var¬ 
iability  in  tissue  composition  and  variable  expression  per  cell  (as  seen 
in  the  immunohistochemistry  studies).  Sproutyl  expression  was  about 
70%  higher  on  average  in  normal  prostate  tissues  (6.60  ±  2.0,  SE) 
compared  with  prostate  cancers  (3.82  ±1.1,  SE),  despite  the  fact  that 
FGFs  are  significantly  up-regulated  in  the  vast  majority  of  prostate 
cancers.  Of  the  20  cancers  analyzed,  16  had  Sproutyl  mRNA  levels 
lower  than  the  mean  Sproutyl  mRNA  level  in  normal  tissue.  The 
difference  in  Sproutyl  mRNA  level  between  normal  and  cancer  tissue 
was  statistically  significant  ( P  <  0.035,  t  test).  Similar  results  were 
obtained  when  Sproutyl  expression  was  normalized  using  keratin  18 
mRNA,  which  is  expressed  exclusively  by  epithelium  (Fig.  2 B). 
Expression  of  Sproutyl  normalized  for  epithelial  content  was  almost 
2-fold  higher  in  normal  tissues  when  compared  with  cancers 
(3.8  ±  0.9  versus  2.0  ±  0.2),  and  this  difference  was  again  statistically 
significant  (P  <  0.02,  /  test). 
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Fig.  1.  Immunohistochcmical  analysis  of  Sproutyl  expression  in  tissue  microarrays.  Expression  of  Sproutyl  in  normal  prostate  (A  and  B)  and  prostate  cancer  (C-F)  was  determined 
using  tissue  microarrays  as  described  in  “Materials  and  Methods.”  A  and  B,  normal  prostate  peripheral  zone  tissue  with  expression  of  Sproutyl  in  prostatic  epithelial  and  smooth  muscle 
cells.  Some  staining  of  fibroblastic  cells  is  also  present,  C~E,  prostate  cancers  with  low  Sproutyl  expression  in  prostate  cancer  cells.  Note  scattered  staining  of  residual  stromal  smooth 
muscle  cells.  F,  prostate  cancer  with  strong  Sproutyl  expression  in  neoplastic  epithelial  cells. 


One  possible  explanation  for  the  decreased  amounts  of  Sproutyl 
mRNA  in  cancer  tissues  could  be  that  Sproutyl  mRNA  is  expressed 
at  higher  levels  in  stroma  compared  with  epithelium  in  vivo  and  that 
in  cancer  the  stroma  is  replaced  by  neoplastic  epithelium.  If  this  were 
the  case,  one  would  expect  that  there  would  be  an  inverse  correlation 
between  the  level  of  keratin  18  mRNA  and  Sproutyl  mRNA  content 
in  benign  tissue  samples.  There  was  a  5-fold  variation  among  the 
benign  prostate  tissues  in  keratin  18  mRNA  content  (relative  to 
/3-actin)  due  to  variation  in  the  percentage  of  epithelium  in  the  tissue 


as  a  result  of  sampling  variability.  However,  there  was  no  correlation 
(inverse  or  positive)  between  keratin  18  mRNA  levels  and  Sproutyl 
mRNA  levels.  This  indicates  that  there  is  expression  of  Sproutyl 
mRNA  in  both  the  normal  epithelial  and  the  stromal  compartments  in 
vivo.  In  addition,  based  on  immunohistochemistry  with  anti-Sproutyl 
antibodies,  the  majority  of  Sproutyl  protein  in  normal  prostate  is  in 
epithelial  cells,  with  significant  amounts  in  prostatic  smooth  muscle 
cells.  Therefore,  the  decreased  Sproutyl  mRNA  observed  in  the 
prostate  cancer  tissues  is  almost  certainly  due  to  lower  levels  of 
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Fig.  2.  Sproutyl  expression  in  normal  prostate  and  prostate  cancer  as  determined  by  quantitative  reverse  transcnption-PCR.  Sproutyl  expression  in  normal  prostatic  peripheral  zone 
(PZ)  and  cancer  tissues  was  assessed  by  quantitative  reverse  transcription-PCR  using  a  real-time  thermal  cycler  (iCycler;  Bio-Rad).  Sproutyl  expression  levels  are  displayed  as  a  ratio 
of  Sproutyl  transcripts  X  103  to  0-actin  transcripts  (A)  or  Sproutyl  transcripts  X  102  to  keratin  18  transcripts  (5).  The  Sproutyl,  0-actin,  and  keratin  18  values  were  calculated  fiom 
standard  curves.  The  data  are  a  representative  of  duplicate  experiments.  The  mean  expression  level  is  indicated.  The  Sproutyl  expression  value  from  cancer  tissues  is  significantly 
different  from  the  PZ  tissues;  P  <  0.05  (/  test)  for  both  0-actin  and  keratin  1 8  normalization. 


Sproutyl  mRNA  in  the  prostate  cancer  cells  compared  with  normal 
epithelium. 

Another  possible  explanation  for  decreased  expression  of  Sproutyl 
mRNA  in  the  cancer  tissues  is  decreased  expression  of  FGFs  in  a 
subset  of  the  prostate  cancers.  Our  laboratory  has  shown  previously 
that  FGF2  and  FGF7  are  expressed  in  the  stromal  cells  of  cancer 
tissues  and  that  FGF2  protein  is  approximately  2.5-fold  higher  in 
prostate  cancer  tissues,  whereas  FGF7  protein  levels  are  similar  in 
normal  and  prostate  cancer  tissues  (5).  We  therefore  compared  the 
expression  of  FGF2  and  FGF7  mRNA  by  quantitative  reverse  tran¬ 
scription-PCR  in  cancer  tissues  with  Sproutyl  expression  below  the 
mean  value  for  all  cancers  (average  1.2  Sproutyl  transcripts/ 102  K18 
transcript)  to  those  with  Sproutyl  expression  above  the  mean  (average 
3.22  Sproutyl  transcripts/ 1 02  K18  transcript).  There  was  no  signifi¬ 
cant  difference  in  expression  of  FGF2  between  these  two  groups 
(2.31  ±  0.8  versus  2.61  ±  0.9  FGF2  transcripts/ 103  /3-actin  tran¬ 
scripts;  mean  ±  SE,  n  =  10).  It  should  be  noted  that  both  groups  have 
higher  FGF2  mRNA  transcript  levels  than  a  set  of  nine  normal 
peripheral  zone  tissues  analyzed  at  the  same  time  (1.3  FGF2  tran¬ 
scripts/103  /3-actin  transcripts).  Similarly,  FGF7  transcript  levels  were 
not  significantly  different  between  the  two  groups  (0.77  ±  0.3  versus 
0.50  ±  0.2  transcripts/ 103  /3-actin  transcripts;  mean  ±  SE,  n  =  10). 
Thus  it  is  unlikely  that  the  decreased  Sproutyl  mRNA  expression  in 
many  of  the  cancer  tissues  in  vivo  reflects  decreases  in  FGF  ligand 
concentration  in  the  cancer  tissues. 

Effect  of  FGF2  on  Sproutyl  Expression  in  Normal  and  Neo¬ 
plastic  Prostate  Epithelial  Cells.  We  next  examined  the  expression 
of  Sproutyl  protein  in  vitro  in  normal  primary  prostatic  epithelial 
cells  and  prostate  cancer  cell  lines.  Consistent  with  our  in  vivo 
data,  the  three  commonly  used  prostate  cancer  cell  lines  (LNCaP, 
DU  145,  and  PC3)  all  expressed  lower  levels  of  Sproutyl  protein, 
as  determined  by  Western  blotting,  than  did  the  normal  epithelial 
cells  (Fig.  3).  It  should  be  noted  that  these  three  cell  lines  express 
FGFs  in  an  autocrine  fashion  and  so  would  be  expected  to  express 
higher  levels  of  Sproutyl  than  normal  epithelial  cells  if  FGFs  are 
inducing  Sproutyl  expression  as  in  other  systems.  To  investigate 
whether  regulation  of  Sproutyl  expression  in  response  to  FGF 
stimulation  is  altered  in  the  prostate  cancer  cells,  we  examined  the 
effect  of  FGF2  stimulation  on  Sproutyl  mRNA  expression  in  vitro. 
Fig.  4 A  shows  that  when  primary  epithelial  cells  were  stimulated 
with  FGF2,  there  was  a  5-fold  increase  in  Sproutyl  expression 


within  30  min.  However,  this  expression  was  rapidly  down-regu¬ 
lated  to  below  basal  level  in  1  h.  There  was  a  subsequent  increase 
in  Sproutyl  expression  after  2  h  that  was  sustained,  again  peaking 
within  24  h,  suggesting  that  there  is  a  biphasic  increase  in  expres¬ 
sion  of  Sproutyl  in  response  to  FGF2  stimulation.  In  contrast  to 
primary  epithelial  cells,  LNCaP  and  PC3  cells  did  not  show  in¬ 
duction  of  Sproutyl  expression  in  response  to  FGF2  stimulation.  In 
fact,  there  was  a  slight  down-regulation  of  Sproutyl  at  30  rain  or 
2  h  after  FGF  stimulation  in  PC3  and  LNCaP  cells,  respectively. 
This  result  indicates  that,  unlike  normal  prostate  cells,  Sproutyl 
expression  in  prostatic  cancer  cells  is  no  longer  up-regulated  by 
FGF2.  To  determine  whether  Sproutyl  mRNA  correlates  with 
protein  level,  we  investigated  the  effects  of  FGF2  stimulation  on 
Sproutyl  protein  expression  in  vitro.  Because  basal  sproutyl  ex¬ 
pression  in  PC3  cells  is  much  lower  than  primary  cells  (Fig.  3),  we 
have  normalized  expression  in  each  cell  line  to  basal  expression  in 
that  cell  type  in  normal  growth  medium  to  facilitate  comparison  of 
changes  in  expression,  but  absolute  expression  of  Sproutyl  in  PC3 
cells  is  far  lower  than  in  the  primary  epithelial  cells.  Fig.  4 B  shows 
that  when  primary  cells  were  stimulated  with  FGF2,  there  was  a 
gradual  and  a  rather  sustained  increase  in  Sproutyl  protein  expres¬ 
sion  that  was  3-fold  higher  than  basal  Sproutyl  expression  in 
normal  growth  medium  by  24  h.  In  contrast,  with  the  primary  cells. 


Sproutyl 

(3-actin 


Fig.  3.  Expression  of  Sproutyl  protein  in  primary  prostatic  epithelial  cells  and  prostate 
cancer  cells  lines.  Protein  extracts  of  primary  cultures  of  prostatic  epithelial  cells  and  the 
prostate  cancer  cell  lines  LNCaP,  PC3.  and  DU  145  were  analyzed  by  Western  bloiting 
with  anti-Sproutyl  antibodies  as  described  in  “Materials  and  Methods.”  LNCaP  had  a 
faint  Sproutyl  band  on  longer  exposures  in  which  the  primary  epithelial  cell  lane 
overexposed  (not  shown).  Loading  control  on  the  same  filter  with  anti-0-actin  antibody 
shown  in  the  bottom  panel. 
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Fig.  4.  sprouty  1  expression  in  response  to  FGF2  stimulation  of  normal  or  neoplastic  prostate  epithelial  cells.  A,  prostauc  primary  epithelial  cells,  LNCaP,  and  PC3  cells  were  grown 
in  serum-free  medium  for  24  h.  Cells  were  stimulated  with  serum- free  medium  with  or  without  25  ng/ml  recombinant  FGF2.  At  different  time  points,  the  Sprouty  1  expression  in  the 
cells  were  analyzed  by  quantitative  reverse  transcription-PCR  using  total  RNA.  Sprouty  l  expression  levels  are  displayed  as  the  ratio  of  Sprouty  1  to  /3-actin  to  correct  for  variation  in 
the  amounts  of  reverse-transenbed  RNA.  with  the  ratio  before  FGF2  treatment  set  as  100%  for  each  cell  line.  The  Sprouty  1  and  /3-actin  values  were  calculated  from  Sprouty  1  and  /3-actin 
standard  curves,  respectively.  The  data  are  a  representative  of  duplicate  experiments.  Values  are  the  mean  ±  SD.  B.  prostatic  primary  epithelial  cells  and  PC3  cells  were  grown  in 
serum-free  medium  for  24  h.  Cells  were  stimulated  with  serum-free  medium  with  or  without  25  ng/ml  recombinant  FGF2.  At  different  time  points,  protein  extracts  were  collected  from 
the  cells  and  analyzed  by  Western  blotting  with  either  anti-Sproutyl  antibody  or  control  anti-/3-actin  antibody.  The  Western  blot  signals  were  quantified  using  NucleoVision  imaging 
workstation  and  calculated  as  the  ratio  of  Sprouty  l  protein  to  /3-actin  protein.  Expression  in  normal  growth  medium  was  substantially  lower  in  PC3  cells  than  in  the  primary  cells,  so 
the  ratio  from  each  cell  type  grown  in  complete  medium  and  collected  at  the  same  time  was  set  at  100%  for  each  cell  type,  and  data  for  that  cell  type  are  expressed  relative  this  control. 
Sprouty  1  protein  was  undetectable  in  primary  epithelial  celLs  after  24  h  of  incubation  in  serum-free  medium. 


PC3  cells  did  not  show  induction  of  Sprouty  1  protein  expression  in 
response  to  FGF2  stimulation.  Rather,  there  was  a  decrease  in 
Sproutyl  protein  expression  within  30  min  before  returning  to 
basal  level  at  24  h.  The  initial  decrease  in  Sproutyl  protein  could 
be  a  direct  result  of  proteosomal  degradation  mediated  by  c-Cbl 
after  growth  factor  signaling,  as  described  for  Sprouty  proteins  in 
other  systems  (27,  37-39). 

Mutational  Analysis  of  Sproutyl  in  Human  Prostate  Cancers. 

To  determine  whether  Sproutyl  is  inactivated  by  mutation  in  prostate 
cancer,  we  analyzed  DNAs  isolated  from  24  prostate  cancers  (23 
clinically  localized  and  one  metastatic).  Our  initial  analysis  of  the 
human  genome  database  revealed  that  the  entire  coding  region  (and 
3' -untranslated  region)  is  present  on  a  single  exon.  We  therefore 
designed  PCR  primers  to  amplify  the  entire  coding  region  as  over¬ 
lapping  PCR  products  that  were  then  isolated  and  directly  sequenced. 
All  tumor  specimens  were  at  least  80%  carcinoma,  and  we  have 
detected  regions  of  loss  of  heterozygosity  in  all  of  these  specimens 
using  PCR-based  approaches  (40).  A  single  base  pair  alteration  (T  to 
C)  was  detected  in  one  clinically  localized  prostate  cancer  at  bp  1250 
that  would  lead  to  an  amino  acid  change  from  tyrosine  to  histidine  at 
amino  acid  residue  304  of  the  Sproutyl  protein.  Analysis  of  DNA 
from  benign  tissue  from  the  same  patient  revealed  the  exact  same 
alteration.  Therefore,  this  sequence  variation  represents  either  a  germ- 
line  mutation  or  a  relatively  uncommon  polymorphism.  No  evidence 
of  mutation  was  seen  in  the  Sproutyl  coding  region  in  any  other 
sample. 

The  Effect  of  Sproutyl  Expression  in  Human  Prostate  Cancer 
Cells.  To  ascertain  the  biological  effect  of  Sproutyl  expression  in 
human  prostate  cancer  cells,  pcDNA-Sproutyl  (encoding  the  full 


length  of  Sproutyl  sequence)  was  transfected  into  the  human 
prostate  cancer  cell  lines  LNCaP  and  PC3,  and  transfected  cells 
were  selected  in  Geneticin.  Only  rare  colonies  were  observed  in 
both  the  LNCaP  and  PC3  cells  transfected  with  the  Sproutyl 
plasmid,  whereas  numerous  colonies  were  observed  when  PC3  and 
LNCaP  were  transfected  with  the  vector  only  plasmid  (Fig.  5).  The 
inhibition  of  colony  formation  by  Sproutyl  was  more  than  99%, 
suggesting  that  sustained  overexpression  of  Sproutyl  has  a  mark¬ 
edly  deleterious  effect  on  prostate  cancer  cells  proliferation  and/or 
survival.  To  determine  whether  more  modest,  transient  expression 
of  Sproutyl  could  also  inhibit  prostate  cancer  cell  proliferation,  we 
analyzed  proliferation  of  LNCaP  cells  after  transient  transfection 
of  a  Sproutyl  expression  plasmid.  Sproutyl  expression  levels  were 
analyzed  on  the  same  cells  by  Western  blotting.  Despite  the  modest 
increase  in  Sproutyl  expression  under  these  conditions  (Fig.  6A), 
there  was  a  profound  decrease  in  proliferation  in  the  cells  trans¬ 
fected  with  the  Sproutyl  expression  construct  (Fig.  6B).  To  con¬ 
firm  that  the  inhibition  of  growth  is  due  to  Sproutyl  expression,  we 
repeated  the  transient  transfection  assay  this  time  by  cotransfecting 
the  Sproutyl  plasmid  with  a  vector  containing  GFP.  Cells  that  were 
GFP  positive  were  sorted  and  used  in  cell  proliferation  analysis. 
Fig.  6C  shows  that  LNCaP  cells  transfected  with  the  Sproutyl 
plasmid  had  a  profound  decrease  in  proliferation  when  compared 
with  the  GFP  only  transfection,  which  is  consistent  with  our  initial 
observation.  Thus  in  prostate  cancer  cells,  either  sustained  or 
transiently  increased  Sproutyl  expression  markedly  inhibits  pro¬ 
liferation,  which  is  similar  to  observations  made  in  other  systems 


(30,  41,  42). 
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Fig.  5.  Stable  transfections  of  Sproutyl  plasmid  into  prostate  cancer  cells.  Prostate 
cancer  cell  lines  LNCaP  and  PC3  were  each  transfected  with  a  Sproutyl  cDNA  cloned 
into  pcDNA3.1  or  the  pcDNA3.1  vector  alone.  After  2  weeks  of  selection  in  Geneticin, 
cells  were  fixed  and  stained  with  crystal  violet.  Representative  plates  from  each  trans¬ 
fection  are  shown. 


DISCUSSION 

One  important  way  that  cancers  can  grow  in  an  uncontrolled  way  is 
by  expressing  increased  amounts  of  growth  factors  and/or  having 
increased  activity  of  growth  factor  receptors.  Cancers  may  also  exhibit 
loss  of  regulatory  factors  that  control  the  activity  of  growth  factors 
receptors.  For  example,  the  PTEN  gene,  which  is  a  negative  regulator 
of  the  phosphatidylinositol  3-kinase  pathway,  is  inactivated  in  a 
variety  of  human  malignancies,  including  prostate  cancer  (40).  In  the 
present  study,  we  have  found  that  one  protein  that  may  have  an 
important  role  in  controlling  growth  signals,  Sproutyl,  is  decreased  in 
almost  40%  of  human  prostate  cancer  tissues  when  compared  with 
normal  prostate  tissue  in  the  same  patient.  It  is  not  surprising  that  only 
a  fraction  of  prostate  cancers  show  decreased  Sproutyl  expression. 
All  epithelial  malignancies  have  a  variety  of  genetic  and  epigenetic 
alterations,  and  in  general,  only  a  fraction  of  cases  of  a  given  tumor 
type  have  a  specific  alteration.  For  example,  only  a  subset  of  prostate 
cancers  have  alterations  of  the  PTEN  tumor  suppressor  gene  (40). 
There  are  exceptions  to  this  rule,  for  example,  the  very  high  preva¬ 
lence  of  RAS  mutations  in  pancreatic  cancer,  but  such  instances  are 
distinctly  uncommon  in  epithelial  malignancies. 

In  human  prostate  cancer  tissues,  there  is  up-regulation  of  FGFs 
when  compared  with  uninvolved  prostate.  We  have  shown  previously 
that  the  tissue  content  of  FGF2  is  increased  more  than  2-fold  in 
prostate  cancer  tissue  compared  with  control  prostate,  whereas  FGF7 
is  present  at  essentially  equal  levels  (5).  FGF9  is  also  present  at  equal 
levels  in  normal  and  neoplastic  prostate  tissue  based  on  ELISA  assay.5 
Finally,  FGF6  is  expressed  as  an  autocrine  growth  factor  in  40%  of 
prostate  cancers  (6),  and  the  majority  of  prostate  cancers  express 
FGF8  in  a  similar  manner  (7-9).  Thus,  the  decreased  Sproutyl  ex¬ 
pression  seen  in  40%  of  cancers  cannot  be  due  to  loss  of  FGF  ligands 
in  these  cases.  Loss  of  Sproutyl  expression  may  give  rise  to  unre¬ 
strained  signal  transduction  by  FGFs  that  could  result  in  increased 
proliferation  (2,  6)  and/or  decreased  cell  death  (43)  in  prostate  cancer 
and  potentiate  the  effects  of  increased  FGFs  and  FGFRs  in  prostate 


cancer.  We  have  also  seen  that  some  prostate  cancers  have  increased 
Sproutyl  expression.  These  cancers  must  have  other  alterations  that 
allow  them  to  resist  the  negative  growth  regulatory  effects  of 
Sproutyl  that  were  seen  in  LNCaP  cells,  which  have  very  low  basal 
Sproutyl  expression.  The  nature  of  these  alterations  is  currently  under 
investigation. 

We  have  found  that  Sproutyl  expression  in  prostate  cancer  cells  in 
vitro  is  no  longer  up-regulated  by  FGF2.  This  could  be  due  to 
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Fig.  6.  Transient  transfection  of  Sproutyl  in  LNCaP  prostate  cancer  cells.  A.  protein 
extracts  were  collected  from  LNCaP  cells  1,  2,  or  3  days  after  transfection  with  pcDNA3. 1 
(-)  or  Sproutyl  cDNA  in  pcDNA3.l  (+)  and  analyzed  by  Western  blotting  with  either 
anti-Spouty  1  antibody  or  control  anti-/3-actin  antibody.  B.  the  LNCaP  prostate  cancer  cell 
line  was  transfected  with  a  Sproutyl  cDNA  cloned  in  the  mammalian  expression  vector 
pcDNA3.1  or  the  pcDNA3.l  vector  only.  At  the  indicated  times  after  transfection,  cells 
were  trypsinized  and  counted  using  a  Coulter  counter.  All  determinations  were  performed 
in  triplicate,  and  the  SD  is  shown.  C.  the  LNCaP  cells  were  either  transfected  with  pEGFP 
alone  or  cotransfected  with  pcDNA3.1 -Sproutyl.  The  GFP-positive  cells  wen  sorted 
using  flow  cytometry  analysis  and  replated.  At  the  indicated  times  after  cell  sorting,  cells 
were  trypsinized  and  counted  using  a  Coulter  counter.  All  determinations  were  performed 
in  triplicate,  and  the  SD  is  shown. 
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decreased  transcription,  for  example,  secondary  to  alterations  of 
/raw-acting  factors,  such  as  loss  of  essential  transcription  factors  or 
up-regulation  of  negative  regulatory  factors,  or  it  could  be  a  conse¬ 
quence  of  increased  mRNA  degradation.  The  loss  of  expression  of 
Sproutyl  in  prostate  cancer  in  vivo  could  also  be  due  to  alterations  in 
the  gene  itself,  such  as  deletion  or  methylation.  The  Sproutyl  gene 
maps  to  chromosome  4q27.6  Comparative  genomic  hybridization 
shows  loss  of  this  region  in  23%  of  prostate  cancers  examined  (44),  so 
it  is  possible  that  in  some  cases,  decreased  Sproutyl  expression  could 
be  due  to  hemi-  or  homozygous  deletion  of  the  Sproutyl  locus. 
Methylation  has  been  shown  to  be  involved  in  loss  of  gene  expression 
in  prostate  cancer  (45).  Systematic  studies  of  Sproutyl  promoter 
methylation  and  correlation  with  gene  expression  in  prostate  cancers 
in  vivo  will  need  to  be  carried  out  to  exclude  this  possibility.  Addi¬ 
tional  work  is  currently  under  way  seeking  to  understand  the  molec¬ 
ular  mechanisms  that  lead  to  decreased  Sproutyl  mRNA  in  prostate 
cancer. 

In  summary,  there  is  considerable  evidence  showing  up-regulation 
of  FGFs  in  prostate  cancer  based  on  studies  in  animal  models,  human 
tissues,  and  human  prostate  cancer  cell  lines.  Sproutyl,  an  inhibitor  of 
FGF  signal  transduction,  is  decreased  in  approximately  40%  of  clin¬ 
ically  localized  prostate  cancers  and  may  lead  to  the  unrestrained 
signal  transduction  by  FGFs  and  hence  tumor  progression.  Because 
Sproutyl  may  inhibit  the  transduction  of  many  growth  factor  signals, 
it  could  be  an  attractive  target  to  explore  for  drug  intervention  or  gene 
therapies  of  prostate  cancer. 
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